Summary While immunotherapy (IOT) with monoclonal antibodies has long been present in HER2-positive breast cancer, the development of modern IOT concepts such as PD-1/PD-L1 targeting immune checkpoint inhibitors has been slow compared with other malignancies such a melanoma or lung cancer. Recent clinical trials of IOT have focused on triple-negative breast cancer (TNBC) as no specific treatment options beyond chemotherapy have been available in this subtype; in addition, TNBC apparently harbours the largest immunogenic potential. Meanwhile, initial results from the phase III IMpassion130 trial have been presented; here, the addition of atezolizumab to nab-paclitaxel led to a clinically meaningful prolongation of overall survival in the PD-L1 positive subset, potentially defining a novel standard-of-care in the first-line treatment of TNBC. Further evaluation of checkpoint inhibitors alone or in combination with chemotherapy or targeted drugs are currently ongoing in TNBC as well as in other breast cancer subtypes and clinical development is also ongoing in the adjuvant and neoadjuvant settings. This short review summarizes results of recent trials with a focus on clinical outcome data and discusses the ongoing development of IOT in breast cancer.
Introduction
From unspecific immune-stimulation in the late 19th century [1] to modern immune checkpoint modulators, immunotherapy (IOT) has evolved to become an important part of systemic anticancer treatment. Antibodies targeting proteins such as programmed cell death protein 1 (PD-1), its ligand (PD-L1), or CTLA4 counteract tumour-associated inhibition of T-cell activation and have revolutionized treatment strategies in several malignancies such as melanoma and lung cancer [2, 3] . In contrast, the introduction of IOT in breast cancer appears markedly delayed and two factors may have contributed to this fact: Highly active and well-tolerated treatment options have been available for the treatment of hormonereceptor (HR) and HER2-positive breast cancer subtypes; in addition, breast cancer cells appear to be less immunogenic as compared with other malignant diseases [4, 5] . On the other hand, the activity of HER2-directed monoclonal antibodies indicate that IOT in the broader sense has been highly successful in breast cancer treatment; in addition, the prognostic role of immune cells has been firmly established [6] [7] [8] suggesting that the immune response is important in breast cancer as well. The largest unmet medical need regarding novel treatment strategies exist in triple-negative breast cancer (TNBC) where currently chemotherapy is the only treatment option available. This-and the fact that TNBC seems to be the most immunogenic breast cancer subtype with a high mutational burden-led to the preferential investigation of immune checkpoint modulators in TNBC. short review among them 32 patients with metastatic TNBC [9] . The majority of breast cancer patients were heavily pretreated and 46.9% had received more than three prior treatment lines for metastatic disease; the PD-1 targeting monoclonal antibody pembrolizumab was administered at a dose of 10 mg/kg once every two weeks; here, a response rate (RR) of 18.5% (95% CI 6.3-38.1) was observed. While progressionfree survival (PFS) was relatively short in the overall cohort, prolonged disease control was observed in patients responding to treatment (median duration of response not yet reached at the time of analysis; range 15.0 to ≥ 47.3 weeks). Twenty-five patients with heavily pretreated PD-L1 positive oestrogen-receptor positive/HER2-negative metastatic breast cancer (MBC) were accrued to the phase Ib KEYNOTE-028 basket trial [10] . While the RR was somewhat lower as compared to TNBC (RR 12.0%; 95% CI 2.5%-31.2%), median duration of response was 12.0 months (range 7.4-15.9 months) suggesting that immunotherapy may offer activity in luminal disease as well. The phase Ib/II trial KEYNOTE-014 (PANACEA) included 58 pretreated HER2-positive MBC patients [11] ; subjects received three-weekly trastuzumab in combination with pembrolizumab at a dose of 2 mg/kg or 10 mg/kg q3w. No dose-limiting toxicity was observed in the phase Ib part of the study; therefore, pembrolizumab was administered at the standard dose of 200 mg q3w in the phase II extension. RR in the PD-L1 positive subset in the phase II extension part (which was defined as the primary study endpoint) was 15% (90% CI 7-29) and disease control rate (DCR; CR + PR + SD ≥6 months) 25% (90% CI 14-49), respectively. Activity was markedly higher in tumours with ≥5% stromal TILs at baseline (RR 39%; CDR 47%) suggesting that in addition to PD-L1, sTILs may serve as a potential predictive marker. Of note, no clinically relevant activity was observed in the PD-L1 negative group. No cardiac events were reported and immunerelated adverse events (irAEs) were observed in 19% of all patients.
KEYNOTE-068 was a single-arm phase II trial accruing pretreated (cohort A) and treatment-naïve (cohort B) patients with metastatic TNBC; patients received single-agent pembrolizumab at a dose of 200 mg once every three weeks. Overall, 170 patients were enrolled in cohort A; ORR was 5.3% (95% CI 2.7-9.9) in the entire subset and 5.7% (95% CI 2.4-12.2) in the PD-L1-positive group [12] . Cohort B enrolled 84 patients with PD-L1 positive TNBC (defined by a combined positive score (CPS) ≥ 1) without prior systemic therapy for metastatic disease; here, response rate was considerably higher (ORR of 21.4%; 95% CI 13.9-31.4) with four patients experiencing a complete response [13] suggesting that single-agent IOT may be more efficacious in early treatment lines.
Combination strategies may offer the chance to increase the activity of checkpoint inhibitors in breast cancer. As TNBC is usually regarded as chemotherapysensitive disease, the PD-L1 antibody atezolizumab was combined with nab-paclitaxel in a phase I study [14] ; nab-paclitaxel was chosen as chemotherapy backbone as this drug requires no corticosteroid comediation. Overall, 33 patients were included; in a mixed population of pretreated and treatmentnaïve subjects, an encouraging RR of 39.4% (95% CI 22.9%-57.9%) was reported; 73% of patients experienced a grade 3/4 adverse event, and seven patients (21%) had a grade 3/4 adverse events of special interest. Median overall survival (OS) was 14.7 months (95% CI 10.1-not estimable). These favourable early results prompted further development of this combination in the phase III IMpassion130 trial. Other early phase trials evaluated the combination of IOT with different other chemotherapeutic drugs such as capecitabine or eribulin or the combination of IOT with targeted drugs such as the CDK4/6-inhibitor atezolizumab. To fully assess the benefit of IOT in these settings, results from randomized trials need to be awaited.
IMpassion130
IMpassion130 is the first prospective randomized phase III trial of immune checkpoint inhibitors in breast cancer to have results available [15] . In total, 902 patients with metastatic or locally advanced inoperable TNBC were randomized to nab-paclitaxel in combination with atezolizumab or placebo as firstline therapy. Nab-paclitaxel was administered at a dose of 100 mg/m 2 on days 1, 8 and 15 and atezolizumab at a dose of 840 mg once every two weeks of a 28-day cycle. PD-L1 status on immune cells (ICs) was assessed by immunohistochemistry with the Ventana SP142 assay (cut-off of ≥1% positive ICs); 41% of all patients had centrally confirmed PD-L1-positive ICs. Co-primary endpoints were PFS and OS in the intention-to-treat (ITT) and the PD-L1+ cohorts.
In the ITT population, the combination of nab-paclitaxel with atezolizumab resulted in a PFS prolongation from 5.5 to 7.2 months (stratified HR 0.8; 95% CI 0.69-0.92; p = 0.0025); this effect was more pronounced in the PD-L1+ subset (5.0 vs. 7.5 months; HR 0.62; 95% CI0.49-0.78; p < 0.0001). In a preplanned subgroup analysis, the benefit for the combination was independent of age, prior taxane-therapy or presence of liver metastases; no effect, however, was seen in patients with PD-L1 negative tumours (HR 0.95; 95% CI 0.79-1.15).
At the first interim OS analysis, a non-significant improvement of OS from 17.6 to 21.3 months was observed (HR 0.84; 95% CI 0.69-1.02; p = 0.084). Again, this effect was more pronounced in the PD-L1+ subset where a clinically meaningful OS prolongation of nearly 10 months from 15.5 to 25 months was reported (HR 0.62; 95% CI 0.45-0.86). Due to hierarchical clustering of the analysis, however, this difference was formally not significant.
Regarding key secondary endpoints, response rates and duration of response were also superior in the nab-paclitaxel plus atezolizumab arm. Overall, treatment was relatively well tolerated but a higher rate of grade 3/4 neuropathy was observed in the combination arm (6% vs. 3%); hypothyroidism was also more common in the IOT group (17% vs. 4%) but in general, irAEs were rare (pneumonitis 3%; adrenal insufficiency 1%; colitis 1%). Any grade hepatitis was reported in 15% of patients in the atezolizumab arm and therefore not different from the placebo group (14%).
A biomarker analysis presented at the 2018 San Antonio Breast Cancer Symposium (SABCS) showed that the vast majority of patients with PD-L1 positive tumour cells also belonged to the PD-L1 positive IC sample [16] . In addition, CD8 and TIL positive tumours had a higher rate of PD-L1 positive ICs, but neither CD8 nor TILs were predictive for IOT response in the PD-L1 negative patient subset, as was BRCA mutation status.
In summary, these data suggest a clinically meaningful additive effect of immunotherapy when added to first-line chemotherapy in TNBC patients defining a novel treatment standard in patients with PD-L1+ ICs.
IOT in early stage breast cancer
Based upon initial results of IOT in TNBC, several adjuvant and neoadjuvant studies were initiated. While no results from phase III trials have been reported so far, available data suggest that IOT may play an important role in this field as well.
I-SPY2 is platform for phase II neoadjuvant studies enabling the fast evaluation of novel agents when added to a standard chemotherapy backbone of weekly paclitaxel and doxorubicin/cyclophosphamide (AC). A positive outcome is claimed if there is an 85% Bayesian predictive probability of success of an experimental agent in a simulated 300-patient phase III trial [17] . Pembrolizumab was investigated as a component of neoadjuvant treatment in 69 patients with TNBC or high-risk luminal breast cancer [18] . In the TNBC subset, estimated pCR rates were increased from 20 to 60% with the addition of pembrolizumab; in the luminal patient cohort, corresponding numbers were 13 and 34%, respectively. Of note, these figures again suggest clinical activity of checkpoint inhibitors in a non-triple negative population.
GeparNuevo is a randomized phase II trial evaluating the addition of the PD-L1 directed monoclonal antibody durvalumab to preoperative chemotherapy [19] . In total, 174 patients were randomized to receive twelve cycles of weekly nab-paclitaxel followed by four cycles of EC in combination with durvalumab or placebo. pCR was defined as the primary study endpoint which was numerically increased from 44.2 to 53.4% in the IOT group (adjusted OR 1.53; 95% CI 0.82-2.84; p = 0.182). Therefore, this study was formally a negative trial; a greater benefit, however, was observed in certain subsets such as patients who received durvalumab or placebo in a two-week windowof-opportunity before the initiation of chemotherapy.
Based upon the results of the Brightness study, the addition of carboplatin to standard neoadjuvant chemotherapy is often regarded as a potential standard-of-care in unselected and otherwise healthy women with early stage TNBC [20] . The phase Ib study KEYNOTE-173 therefore evaluated the addition of pembrolizumab to neoadjuvant nab-paclitaxel (cohort A) or the combination of nab-paclitaxel and carboplatin (cohort B), both followed by four cycles of AC [21] . Myelosuppression was identified as the doselimiting toxicity, while no dose-limiting toxicity linked to pembrolizumab was observed. In this study early phase study, highly encouraging pCR rates (yT0/Tis; ypN0) were reported with 60% (90% CI 30-85) of patients in cohort A and 90% (90% CI 61-100) in cohort B achieving pCR.
Discussion
While the clinical development of IOT was delayed in breast cancer, available data suggest that immune checkpoint inhibitors are a valuable addition to the therapeutic armamentarium. Indeed, the IMpassion 130 trial has defined nab-paclitaxel plus atezolizumab as a potential novel first-line treatment standard in patients with metastatic TNBC and PD-L1 positive ICs; phase III trial results with other checkpoint inhibitors are expected in the near future. Other studies are focusing on combination approaches with chemotherapy, radiotherapy or biologically targeted drugs in order to increase the immunogenicity of breast cancer cells. In addition, the potential role of IOT in the (neo)adjuvant and postneoadjuant settings is currently under investigation; identification of predictive biomarkers beyond PD-L1 remains a challenge and is also required in the light of the financial burden associated with this class of drugs.
